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DObjective: Evaluate the impact of near-term delivery on neurodevelopmental (ND) outcomes in children with
congenital heart disease (CHD).
Methods: Secondary analysis of data from a study of genetic polymorphisms and ND outcomes after cardiac
surgery in infants. The effect of gestational age (GA) as a continuous variable on ND outcomes was evaluated
using general linear regression models. GAwas also evaluated as a categorical variable to seek a threshold for
better outcomes. ND domains tested at 4 years of age included cognition, language skills, attention, impulsivity,
memory, executive function, social competence, visual-motor, and fine-motor skills.
Results: ND outcomes and GAwere available for 378 infants. Median GAwas 39 weeks (range, 28-42 weeks)
with 351 born at 36 weeks or more (near-term/term). In univariate analysis of the near-term/term subgroup, older
GA predicted better performance for cognition, visual-motor, and fine-motor skills. After covariate adjustment,
older GA predicted better performance for fine-motor skills (P ¼ .018). Performance for cognition, language,
executive function, social skills, visual-motor, and fine-motor skills was better for those born at 39 to 40 weeks
of GA or more versus those born at less than 39 weeks (all P<.05).
Conclusions: These findings are consistent with the hypothesis that delivery before 39 to 40 weeks of GA is
associated with worse outcomes in patients with CHD. Early delivery of a child with CHD is often indicated
because of maternal or fetal health issues. In the absence of these concerns, these data suggest that elective
(or spontaneous) delivery at 39 to 40 weeks of GA is associated with better ND outcomes. (J Thorac Cardiovasc
Surg 2012;143:535-42)Congenital heart disease (CHD) is the most common birth
defect with an estimated prevalence of 8 per 1000 live
births. Each year, more than 30,000 infants undergo cardiac
surgery.With improvements in survival, increased focus has
been directed toward neurodevelopmental (ND) outcomes.
Over 50% of survivors of cardiac surgery during infancy
are identified with learning disabilities and behavioral
issues once they reach school age.1 These neurobehavioral
problems ultimately affect their academic achievements
and employment opportunities. Unfortunately, most known
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The Journal of Thoracic and Cafactors such as prematurity, low birth weight, associated ge-
netic anomalies, and lower socioeconomic status, not man-
agement factors.2,3 Identification of modifiable factors as
targets of therapeutic interventions is essential to improve
ND outcomes.
The risks of premature birth have been well described.
There is increasing evidence that even late preterm delivery
(34-37 weeks’ gestational age [GA]) is associated with an
increased morbidity and mortality in children without
CHD. Late preterm birth is associated with an increased in-
cidence of respiratory distress syndrome, hypoglycemia,
hypothermia, feeding difficulties, and apnea.4,5 In
addition, recent data suggest that near-term (37-38 weeks’
GA) birth may also affect long-term ND outcomes.6 The
American College of Obstetricians and Gynecologists rec-
ommends that elective delivery should not be performed be-
fore a GA of 39 weeks.7
The optimal GA for delivery of a fetus with CHD is not
known. Early delivery is often indicated for maternal or fe-
tal health issues, such as pre-eclampsia, placental insuffi-
ciency, or fetal distress. However, increasing use of
prenatal diagnosis of CHD has led to an increased incidence
of elective delivery, often before 39 weeks’ GA. Infants
with a prenatal diagnosis of CHD have greater use of induc-
tion of labor and younger GA at delivery than do those in
whom the diagnosis is made after birth.8 Recently, laterdiovascular Surgery c Volume 143, Number 3 535
Abbreviations and Acronyms
ADHD ¼ attention deficit hyperactivity
disorder
CHD ¼ congenital heart disease
CPB ¼ cardiopulmonary bypass
DHCA ¼ deep hypothermic circulatory arrest
GA ¼ gestational age
ND ¼ neurodevelopmental
NEPSY ¼ Neuro-PSYchology
NP ¼ nasopharyngeal
PKBS ¼ Preschool and Kindergarten
Behavior Scales
PLS-4 TLS ¼ Preschool Language Scale-4 Total
Language Score
VMI ¼ Visual-Motor Integration
WPPSI-III ¼Wechsler Preschool and Primary
Scale of Intelligence, third edition
WRAVMA ¼Wide Range Assessment of Visual-
motor Abilities (pegboard)
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Dpreterm delivery of infants with CHD has been shown to be
associated with increased morbidity and mortality in the
cardiac intensive care unit.9,10 To date, there are no data
to determine whether near-term delivery affects ND out-
comes in children with CHD. We investigated the impact
of GA on ND outcomes at 4 years of age after cardiac sur-
gery during infancy.
PATIENTS AND METHODS
Study Population
This is a secondary analysis of data from a prospective study of the role
of apolipoprotein E (APOE) gene polymorphisms on ND outcomes after
cardiac surgery during infancy.2 Patients were eligible if they underwent
surgical intervention in the first 6 months of life for CHD with cardiopul-
monary bypass (CPB) with or without deep hypothermic circulatory arrest
(DHCA). Patients with multiple congenital anomalies, a recognizable ge-
netic or phenotypic syndrome other than chromosome 22q11 deletion syn-
drome, or language other than English spoken in the home were excluded
from participation. The current study used data from a detailed ND evalu-
ation performed at 4 years of age. The impact of GA on neurodevelopment
was assessed for all patients who had ND testing at 4 years of age. To eval-
uate the impact of late preterm/near-term delivery on ND outcomes, we
performed a subanalysis of those patients born at a GA of 36 weeks or
older. The Institutional Review Board at The Children’s Hospital of Phila-
delphia approved the study, and the parent or guardian provided informed
consent.
Operative Management
Operations were performed by 5 cardiac surgeons with a team of cardiac
anesthesiologists. Alpha-stat blood gas management was used. Pump flow
rates were not standardized for this study. In general, during normothermic
or mild hypothermic CPB (nasopharyngeal [NP] temperature>28C), the
pump flow rate was maintained at 100 to 150 mL $ kg1 $ min1 to achieve
a mean arterial pressure of 30 to 55 mm Hg. When moderate hypothermia
(NP temperature 22C-28C) was used, the pump flow rate was maintained536 The Journal of Thoracic and Cardiovascular Surgat 100mL $ kg1 $min1 with a target mean arterial pressure greater than 30
mm Hg. For deep hypothermic continuous CPB (NP temperature<22C),
a pump flow rate of 25 to 50 mL $ kg1 $ min1 was used. These were gen-
eral guidelines that were modified according to the clinical situation.
DHCA was selectively used at the surgeon’s discretion, not according to
a predetermined protocol. Before DHCA, patients underwent core and sur-
face cooling, with topical hypothermia of the head, to an NP temperature of
18C. Modified ultrafiltration was performed in all patients after CPB.
Postoperatively, patients were managed in the cardiac intensive care unit
by a team of cardiologists, intensivists, nurses, and surgeons.
Data Collection
Preoperative factors that might independently affect the neurobehavio-
ral outcomes including GA and genetic anomalies were obtained from hos-
pital records. For the majority of the patients, GAwas determined from the
maternal records. In a small number of cases, GA was determined from
neonatal records. Weight and age at operation were recorded for the initial
operation and subsequent operations with CPB. Operative variables includ-
ing duration of CPB and DHCA, lowest NP temperature, and hematocrit
after hemodilution were recorded. Prenatal diagnosis was noted.
Four-Year ND Examination
The ND examination was performed between the fourth and fifth birth-
days and growth measurements (ie, weight, length, head circumference)
were recorded. Maternal education, socioeconomic status using the Hol-
lingshead method, and ethnicity were determined by parental report. A
health history was obtained focusing on the incidence of interim illness: re-
hospitalizations, neurologic events or interim evaluations, current medica-
tions, and parental concerns about health.
Patients were evaluated by a genetic dysmorphologist at the 1- and/or 4-
year evaluations. Additional genetic analyses were performed if indicated.
Neonatal recognition of dysmorphic features can be difficult; therefore,
some patients were enrolled for whom the diagnosis of a genetic syndrome
was not made until a later evaluation. Patients were classified as having no
definite genetic syndrome or chromosomal abnormality (normal), sus-
pected genetic syndrome (suspect), or definite genetic or chromosomal ab-
normality (abnormal).
ND Testing
Multiple ND domains were tested including cognition, language,
speech, memory, executive function, and visual-motor, fine-motor, and ac-
ademic skills. Cognitive skills were assessed using the Full-Scale Intelli-
gence Quotient from the Wechsler Preschool and Primary Scale of
Intelligence, third edition (WPPSI-III).11 Core language skills were as-
sessed using the Preschool Language Scale-4 Total Language Score
(PLS-4 TLS).12 Attention and impulsivity were assessed through parental
report by the Attention Deficit/Hyperactivity Disorder (ADHD) Rating
Scale-IV, Preschool Version. Social skills were evaluated using the Pre-
school and Kindergarten Behavior Scales (PKBS). Executive function
and memory were assessed using the Neuro-PSYchology (NEPSY) core
domain scores for attention/executive function and memory.13 Visual-
motor integration was assessed with the developmental test of Visual-
Motor Integration (VMI), a simple copying task that assesses the child’s
fine-motor and visual-motor coordination skills.14 Fine-motor skills were
tested using the Wide Range Assessment of Visual-Motor Abilities peg-
board (WRAVMA), a manipulative dexterity test.15 All the instruments, ex-
cept the ADHD-IV and the PKBS, have an expected mean of 100 with
a standard deviation of 15. Not every child was able to complete every
test. If a child was judged to be too developmentally impaired to complete
the tasks, a score was imputed by assigning them the lowest possible score
for the specific test. If the child was unable to complete the tasks for other
reasons, the child was excluded from the analysis for that domain. Addi-
tional details concerning the specific tests are provided in Appendix 1.ery c March 2012
TABLE 1. Patient characteristics
Total cohort
(n ¼ 378)
Gestational
age  36 wk
(n ¼ 351)
Gender
Female 164 (43%) 152 (43%)
Male 214 (57%) 199 (57%)
Ethnicity
White 253 (66%) 235 (67%)
African American 80 (21%) 75 (21%)
Asian 15 (4%) 15 (4%)
Other 30 (9%) 26 (9%)
Gestational age (wk) 38  2.1 39  1.4
Birth weight (kg) 3.1  0.63 3.2  0.53
Genetic anomaly
Suspected/confirmed 84 (22%) 74 (21%)
Congenital heart disease
Two ventricles/no arch obstruction 199 (53%) 179 (51%)
Two ventricles/arch obstruction 47 (13%) 47 (13%)
One ventricle/no arch obstruction 36 (9%) 33 (9%)
One ventricle/arch obstruction 96 (25%) 92 (26%)
Operative characteristics (first operation)
Median age (d) 8 (1-188) 7 (1-188)
Median weight (kg) 3.6 (1.5-7.8) 3.6 (1.7-7.8)
Total CPB time (min) 49 (14-242) 49 (14-242)
DHCA use 215 (57%) 201 (57%)
Total DHCA time (min) 21 (0-102) 23 (0-102)
Hematocrit after hemodilution (%) 28  4 28  4
Postoperative length of stay (d) 8.5 (2-106) 8 (2-106)
Additional operations before
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DStatistical Methods
Type of CHD was coded according to a previously described classifica-
tion incorporating cardiac anatomy and perioperative physiology, which
has been shown to be predictive of perioperative mortality. Class I is 2 ven-
tricles with no aortic arch obstruction, class II is 2 ventricles with aortic
arch obstruction, class III is a single ventricle with no arch obstruction,
and class IV is a single ventricle with arch obstruction. Patients with tetral-
ogy of Fallot and transposition of the great arteries are included in class I,
whereas patients with hypoplastic left heart syndrome and variants are in-
cluded in class IV.
The ND outcomes were analyzed as continuous outcomes, including (1)
WPPSI Full-Scale Intelligence Quotient, (2) PLS-4, (3) impulsivity score,
(4) inattentive score, (5) NEPSY core domain score for memory, (6)
NEPSY core domain score for attention/executive function, (7) PKBS So-
cial Skill Total Score, (8) VMI score, and (9)WRAVMAFineMotor Score.
A descriptive analysis was conducted to explore the distribution of each
ND outcome using mean, standard deviation, median, minimum, and max-
imum, as appropriate. The assumptions of the linear model were tested for
each outcome. If the assumptions were not valid, log transformation was
used. General linear models were used to evaluate the effect of GA on
each ND outcome without adjustment of other risk factors and with other
risk factors, including maternal education, APOE genotype, severity of
CHD, hematocrit at first operation (percent), and socioeconomic status. Be-
cause most elective deliveries occur after 36 weeks’ GA, outcomes were
assessed in the total cohort (n ¼ 378) and the late preterm/term subgroup
with GA of 36 weeks or more (n ¼ 351). To determine whether there
was a GA threshold associated with better ND outcomes in the late
preterm/term subgroup, we compared outcomes based on week of GA,
for example, less than 37 weeks versus 37 weeks or more, less than 38
weeks versus 38 weeks or more, and so on. The threshold of GA on each
ND outcome was assessed with the general linear model. All statistical
analyses are conducted using the statistical software package SAS version
9 (SAS Institute, Inc, Cary, NC).4-year testing
None 223 (59%) 208 (59%)
1-2 145 (38%) 133 (38%)
>2 10 (3%) 10 (3%)
CPB, Cardiopulmonary bypass; DHCA, deep hypothermic circulatory arrest.
FIGURE 1. Distribution of patients by gestational age.RESULTS
Between September 1998 and April 2003, a total of 675
eligible infants underwent cardiac surgery. Of these 675 in-
fants, 23 died before consent could be obtained and parents
of 102 patients declined participation, resulting in a total en-
rollment of 550 (81%). Twenty-one deaths occurred during
the initial hospitalization and an additional 43 patients died
before 5 years of age. Characteristics of the 486 patients
who were eligible for ND testing at 4 years of age have
been described previously.2 Of the surviving patients, 381
completed testing and 105 did not return. The only signifi-
cant difference in the baseline characteristics between re-
turning and nonreturning patients was underrepresentation
of African Americans in the returning patients (21% vs
29%).
Of the 381 patients who returned for 4-year ND testing,
378 had GA available. Baseline patient characteristics for
both the total cohort (n ¼ 378) and the subgroup with GA
of 36 weeks or more (n ¼ 351) are reported in Table 1.
The distribution by GA is shown in Figure 1. A prenatal di-
agnosis of CHD had been made in only 124 (33%) of the
378 patients and had not been made in 242 (64%). It could
not be determined whether a prenatal diagnosis had been
made in 12 (3%) patients. Indications for delivery in this
cohort could not be reliably determined from availableThe Journal of Thoracic and Cadata. For the entire cohort, median GAwas 39 weeks (range,
28-42 weeks) with a mean birth weight of 3.1 0.6 kg. The
median GAwas 38 weeks for patients with a prenatal diag-
nosis and 39 weeks for those with a postnatal diagnosis.
Mean scores for each ND domain tested are shown in
Table 2.rdiovascular Surgery c Volume 143, Number 3 537
TABLE 2. Mean scores for neurodevelopmental outcomes
Domain
Total cohort
(n ¼ 378)
Gestational age  36 wk
(n ¼ 351)
Cognition 95.1  19.1 96.0  18.5
Language 97.1  18.7 97.9  18.0
Attention 6.3  5.4 6.1  5.3
Impulsivity 7.2  5.6 7.1  5.6
Executive function 98.4  14.9 98.6  14.6
Memory 92.6  17.0 93.3  16.8
Social skills 106.0  13.0 106.2  12.8
Visual motor 92.3  18.3 93.1  17.9
Fine motor 94.3  18.7 95.4  18.0
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FSIQ, PLS-4, NEPSY Core Domains for attention/execu-
tive function and memory, VMI, andWRAVMA. Log trans-
formation remedied the violations for inattention and
impulsivity. Unadjusted outcomes for the entire cohort
(n ¼ 378) demonstrated that lower GA was associated
with worse outcomes for almost every ND domain tested:
cognition, language, inattention, executive function, mem-
ory, visual-motor and fine-motor skills, and social skills
(P<.03). After adjustment for confounders, younger GA
at delivery predicted worse performance for cognition, lan-
guage, inattention, visual-motor skills, and fine-motor skills
(P<.01) (Table 3).
It is widely known that significant prematurity adversely
affects ND outcomes. To assess the impact of late preterm/
near-term delivery on ND outcomes without the confound-
ing effects of very young GA, we analyzed the subgroup of
patients born at 36 weeks’ GA or more (n ¼ 351). In this
subgroup, older GA predicted better performance for cogni-
tion, visual-motor, and fine-motor skills. Adjusting for pa-
tient and operative management confounders, older GA
still predicted better performance for fine-motor skills
(P ¼ .018) (Table 3). When compared by week of GA, out-
comes for cognition, language skills, executive function, so-
cial skills, visual-motor, and fine-motor skills were all betterTABLE 3. Multivariable analysis
Domain
Total cohort
(n ¼ 378)
Gestational age
 36 wk (n ¼ 351)
Estimate P Estimate P
Cognition 1.32 .0005 0.71 .2
Language 1.05 .0046 0.14 .8
Attention 0.33 .0086 0.05 .8
Impulsivity 0.10 .5 0.14 .5
Executive function 0.50 .1 0.2 .7
Memory 0.74 .056 0.02 1.0
Social skills 0.49 .1 0.52 .3
Visual motor 1.37 .0005 1.0 .1
Fine motor 2.06 <.0001 1.42 .018
538 The Journal of Thoracic and Cardiovascular Surgfor infants born at 39 to 40 weeks compared with those born
at younger GAs (all P<.05) (Table 4 and Figure 2).
DISCUSSION
In this cohort of survivors of cardiac surgery in infancy,
older GA predicted better performance for multiple ND do-
mains at 4 years of age. In the subgroup of infants born at
late preterm/near term (GA  36 weeks), ND outcomes
were significantly better for those born at a GA of 39 to
40 weeks or more than for those born at 36 to 38 weeks.
These data are consistent with the increasing evidence of
the adverse effects of late preterm/near-term delivery (be-
fore 39 weeks) in normal infants and those with CHD. Early
delivery of a child with CHD is often indicated because of
maternal or fetal health issues. In the absence of these con-
cerns, these data suggest that elective delivery before 39 to
40 weeks of GA should be avoided.
In near-term infants, with or without CHD, elective in-
duction of labor or cesarean delivery may be scheduled to
accommodate patient and physician convenience, and there
is a risk that it may be performed earlier than is appropriate.
Timing of elective delivery is based on an arbitrarily se-
lected time point at which the fetus is presumed to have
reached physiologic maturity to allow successful transition
to the extrauterine environment. The most recent definition
of term gestation at 37 weeks has its roots from the 1970s
when a cutoff point between preterm and term gestation
was determined during a meeting of the Second European
Congress of Perinatal Medicine.16 Over the past decade,
there has been a growing recognition of the increased inci-
dence of adverse outcomes in neonates without birth defects
born at 37 to 38 weeks’ gestation compared with those born
at more than 39 weeks.17 As a result, the recent guidelines
of the American College of Obstetricians and Gynecolo-
gists recommend a GA of 39 weeks for elective deliveries
and cesarean sections.7 In addition, the recognition that tim-
ing of delivery affects neonatal outcomes led the National
Quality Forum and the Joint Commission to standardize
perinatal care, instituting mandatory reporting of indica-
tions for delivery for all singleton pregnancies delivered
before 39 weeks.16
Approximately 15% of neonates with CHD are born
prematurely and/or with low birth weight.18,19 In many
cases, maternal, fetal, or placental issues contribute to
early delivery, including preterm premature rupture of
membranes, maternal pre-eclampsia/eclampsia, oligohy-
dramnios, intrauterine growth restriction, nonreassuring fe-
tal status, hydrops, and placental abnormalities.20 However,
elective delivery before 39 to 40 weeks’ GA in a cohort of
CHD patients was approximately 20%. This recent study
evaluated the impact of GA on mortality and intensive
care unit morbidity in 971 infants with CHD. Compared
with the group of neonates who were delivered at 39 to 40
weeks’ GA, neonates born at 37 to 38 weeks had increasedery c March 2012
TABLE 4. Comparison of neurodevelopmental outcomes by gestational age
Gestational age
threshold (wk)
Cognition Language Executive function Social skills Visual motor Fine motor
Estimate P Estimate P Estimate P Estimate P Estimate P Estimate P
<37 vs 37 3.626 .1646 3.063 .2261 0.626 .7747 3.444 .0546 5.882 .0177 8.864 .0004
<38 vs 38 1.634 .4286 0.272 .8929 0.312 .8523 1.496 .2946 1.337 .5002 3.449 .0834
<39 vs 39 5.238 .0112 2.786 .1716 2.915 .0798 2.927 .0409 4.503 .0239 4.147 .0388
<40 vs 40 10.472 .0005 5.973 .0439 4.930 .0382 0.673 .7474 9.392 .0012 7.838 .0072
<41 vs 41 12.562 .0990 9.405 .2052 13.604 .0231 2.970 .5736 10.035 .1726 13.831 .0615
No threshold identified for inattention, impulsivity, or memory.
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duration of mechanical ventilation. For the entire cohort,
the indications for delivery were maternal or fetal health is-
sues in 27%, spontaneous labor in 44%, elective induction
in 20%, and unknown in 9%. For infants born before 37
weeks’ GA, the indications for delivery were most com-
monly spontaneous labor or maternal/fetal health concerns.
However, for infants born at 38 weeks’ GA, the timing of
delivery was elective in 20%. A recent study evaluated
the impact of late preterm delivery on mortality for infants
with CHD using National Health Statistics–linked birth/
death files from 2000 to 2003. Mortality decreased with
each increasing week of GA. There was a significant nega-
tive linear relationship between mortality and GA up to 40
weeks.9
Our data provide further evidence of the impact of late
preterm/near-term delivery in infants with CHD by demon-
strating improved 4-year ND outcomes in those born at 39 to
40weeks ormore. Even in childrenwithout birth defects, the
risk for developmental delay and disabilities is 36% higher
in those born late preterm compared with term. Significant
brain maturation occurs from 34 weeks to term. By 34
weeks, the late preterm brain has only reached 65% of the
volume of a term brain with a significant amount of growth
and maturation occurring during the remaining 6 weeks of
gestation.21 In children with CHD, late preterm/near-term
birthmay have an even greater impact on brain developmentFIGURE 2. Infants born at 40 weeks’ gestational age (GA) or more had
better scores for cognition, executive function, and visual and fine-motor
skills than those born at less than 40 weeks.
The Journal of Thoracic and Caand resultant ND outcome owing to the delayed brain matu-
ration that is already observed in this population.22 Our
group has shown that neonates with CHD born at more
than 38 weeks of gestation have delayed brain development
by approximately 4weeks.22 Fetal brainmagnetic resonance
images performed during the third trimester in patients with
complex CHD have provided evidence of impaired brain
growth in utero compared with gestational controls.23 De-
layed fetal brain maturation and development is consistent
with postnatal data demonstrating smaller head circumfer-
ences and structurally immature brains in term gestation
neonates with hypoplastic left heart syndrome and dextro-
transposition of the great arteries compared with normal
term neonates.22,24,25 Delayed brain maturation has been
associated with an increased risk for periventricular
leukomalacia in patients with complex CHD.25 Therefore,
late preterm or early near-term delivery in conjunction
with brain immaturity may increase risk for periventricular
leukomalacia with a potential result of worse ND outcomes.
For ND outcomes to be improved for infants with CHD, it
is essential to identify modifiable risk factors that can be tar-
gets for therapeutic interventions. Several previous studies
have shown that patient factors, such as socioeconomic sta-
tus and genetic anomalies, are more significant determi-
nants of ND outcomes than are management strategies.
Unfortunately, most identified risk factors cannot be modi-
fied. However, timing of elective delivery for late preterm/
near-term infants with CHD can be avoided. This study and
previous reports demonstrate that delivery before 39 to 40
weeks’ GA is associated with increased mortality, early
morbidity, and worse ND outcomes.
There are limitations to this study. Because this is a retro-
spective review of medical records, in most cases we were
successful in obtaining the GA from the maternal records.
However, in some cases GAwas obtained from neonatal re-
cords inasmuch as this was the only available record. The
indications for delivery could not be reliably determined
from the medical records for most patients. A prenatal diag-
nosis was made in only 33% of the patients and thus the
findings may not reflect current practice.
CONCLUSION
There is increasing evidence that delivery before 39 to
40 weeks of GA is associated with worse short- andrdiovascular Surgery c Volume 143, Number 3 539
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Dintermediate-term outcomes, both for normal infants and
for those with CHD. This study demonstrates that younger
GA is associated with worse ND outcomes for infants with
CHD. There are multiple reasons for early delivery of a fe-
tus with CHD. Many of these, such as pre-eclampsia/
eclampsia, placental insufficiency, and fetal distress, can-
not be currently modified. However, a significant number
of near-term fetuses are delivered early because of con-
cerns over spontaneous labor outside of the hospital or
for convenience of scheduling. In the absence of maternal
or fetal indications requiring early delivery, these data are
consistent with the hypothesis that elective (or spontane-
ous) delivery of infants with CHD at 39 to 40 weeks of
GA is associated with better ND outcomes. Further studies
are necessary to confirm that delivery at a GA of 39 to 40
weeks, when appropriate, will indeed lead to better ND
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The Wechsler Preschool and Primary Scale of Intelli-
gence, third edition (WPPSI-III), is a standardized test of in-
telligence for children from 3.5 to 7 years of age.11 It is
commonly used in both clinical settings and in research.
It takes approximately 45 minutes to administer and yields
3 summary scores and 12 subtest scores. Scores include
Full-Scale Intelligence Quotient, Verbal Intelligence Quo-
tient, and Performance Intelligence Quotient with means
of 100 and standard deviations of 15 points. It covers
a wide range of cognitive tasks. There is a large body of
data that explains the meaning of test findings. The
WPPSI-R has proven to have moderate to strong reliability
(coefficients for Verbal, Performance, Processing Speed,
Full, and General Language were .92, .87, .93, .92, and
.90 respectively) and validity (correlation with other cogni-
tive tests in the positive and significant range [.74 to .90]) in
a variety of studies.
The Preschool Language Test-4 (PLS-4) is a general test
of early language skills.12 It provides a measure of language
comprehension and expressive communication. Standard
scores are derived on the basis of age and performance.
The Total Language Score (mean of 100 with a standard de-
viation of 15) is derived on the basis of performance on the
receptive and expressive sections.
The ADHD Rating Scale-IV, Preschool Version, is an
18-item questionnaire that requires parents to rate the fre-
quency of occurrence of ADHD symptoms, as defined in
the Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV).9 The respondent rates each item on a Likert
scale of 0 (not at all) to 3 (very often). This scale was devel-
oped specifically for children 3 to 6 years of age. Normative
data were collected from a stratified sample of 907
children. Mean scores are provided for inattention andery c March 2012
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Dhyperactivity/impulsivity. Percentile rankings were used to
identify children rated by their parents as scoring signifi-
cantly high in inattention or hyperactivity.
The Preschool and Kindergarten Behavior Scales
(PKBS) provide 3 scores for social skills, including social
cooperation, social interaction, and social independence,
and 5 scores for problem behaviors, including self-
centered/explosive, attention problems/overactive, antiso-
cial/aggressive and social withdrawal, anxiety/somatic,
and total.10 Normative data were obtained from 2855
preschool-aged children (3-6 years of age). Reliability
was reported to range from 0.81 to 0.97 in internal consis-
tency and in the moderate to high range (0.58-0.87) in
test–retest reliability. Predictive validity studies suggested
that PKBS scores were able to predict need for special
education services. Validity studies comparing the PKBS
with other tests of social skills indicated strong
correlations.
The Developmental Test of Visual Motor Integration
(VMI) is a copying task that will be used to assess the
child’s fine-motor and visual-motor coordination skills.14
It takes 10 minutes to complete and yields standard scores
with a mean of 100 and a standard deviation of 15. It is
a widely recognized test, and the new edition was pub-
lished in 1989. Handedness will also be noted on the
VMI. Interrater reliability had a median of 0.93. Gener-
ally, researchers found the VMI to be a valuable predictor
when used in combination with other measures. Positive
correlation with other tests of visual skills and motor
skills were documented in the manual ranging from 0.72
to 0.76.
The NEPSY (Neuro-PSYchology) is a developmental
neuropsychologic assessment tool that was published in
1998.13 The NEPSY Statue subtest assesses inhibition and
motor persistence. The NEPSY subtests yield scale scores
with a mean of 10 and standard deviation of 3. Reliability
ranges from 0.50 to 0.81. Validity studies indicate that there
is a low correlation between the attention/executive func-
tion subtests and tests of general intelligence. The use of
the NEPSY with clinical populations of children diagnosed
with ADHD indicates that identified children score signifi-
cantly poorer on the tests of attention.
The Wide Range Assessment of Visual Motor Abilities
(WRAVMA) pegboard is a manipulative dexterity test.15
The child inserts as many pegs as possible within 90 sec-
onds using a nearly square pegboard. The pegboard is ‘‘waf-
fled’’ to add to its fine-motor demands as well as to increase
its aesthetic appeal. First the test is completed with the dom-
inant hand and then the nondominant hand. This test was
chosen from the collection of pegboard tasks (such as the
Purdue Pegboard and the Grooved Pegboard) because it is
the only one that was designed and standardized for
a 4-year-old population. The scores that are provided are
standard scores and percentiles that were published inThe Journal of Thoracic and Ca1995. There is strong reliability and validity for the pro-
posed age group.Discussion
Dr Frank A. Pigula (Boston, Mass). Dr Goff and her col-
leagues have looked at the 4-year neurodevelopmental (ND) out-
comes of children who underwent surgery in infancy, and their
primary variable of interest was their gestational age (GA) at birth.
I have a few comments and then 2 questions.
Your manuscript suggests that the children with congenital
heart disease (CHD) born between 39 and 40 weeks’ gestation
are somehow privileged with respect to neurologic development.
I found it notable in your manuscript that despite controlling for
patient and operative characteristics, this was a general effect af-
fecting not only the most severe forms of CHD but also those
that we would deem less severe.
I think this study is valuable in that it extends the time horizon to
4 years regarding ND outcomes and it also further informs some of
the findings that have been presented by Dr John Costello and
some of my colleagues at Boston Children’s Hospital, which you
have referred to in your presentation. They identified that patients
born at or before 38 weeks experience significantly higher mortal-
ity risk with a greater likelihood of serious morbidity. Thus the ef-
fect between that study and your study is a magnification of this
effect. The child that is lucky enough to survive surgery is at
greater risk for further ND problems in the future.
I think this is all the more important when one realizes, as you
had alluded to, that some of these deliveries, what you would call
near-term deliveries, are elective and therefore discretionary.In Dr
Costello’s review of that, it was up to 20% to 25% of the deliveries.
That is one area in which some discretion and judgment can be
used.
I have 3 questions for you.
While the discussion focused on the GA and its relationship to
outcomes, did you examine the effect of the corrected GA, in other
words, the period of time after birth but before surgery? For in-
stance, if a child was born at 38 weeks but operated on at 40 weeks,
did the child acquire any benefit?
Dr Goff. We did not look at corrected GA at surgery, but we did
adjust for GA at birth with the multivariate analysis, which ad-
justed for both patient and operative confounders.
Dr Pigula. Is it correct to say that, by your analysis, it would not
be a reasonable approach to delay surgery to allow further devel-
opment of the baby?
Dr Goff. Correct.
Dr Pigula. Can you speculate as to why the near-term brain
seems to be at an ND disadvantage as opposed to the brain at
a term delivery at 40 weeks?
Dr Goff. Dr Hannah Kinney, from Children’s Hospital Boston,
published an article in Seminars in Perinatology discussing how
much brain growth occurs in utero during the third trimester. At
34weeks, the fetal brain has only reached 65% of the brain volume
and maturation of a term brain at 39 to 40 weeks. There is an in-
credible amount of brain maturation that occurs from 34 to 39
weeks gestation. So a baby born late preterm/near term may be
more vulnerable to white matter injury.rdiovascular Surgery c Volume 143, Number 3 541
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DDr Pigula. Presumably the environment plays a large role in
what happens to these babies.
Dr Goff. The in utero environment?
Dr Pigula. Well, yes, in between the in utero and postnatal
environment.
Dr Goff. Yes, both the in utero and postnatal environment play
a role in the risk for white matter injury, which may lead to later
ND issues.
Dr Pigula. Given the consonance of your findings with Costel-
lo’s, how do you suggest we proceed? It seems to me that this in-
formation has to make its way to the decision makers, and those
would be the obstetricians that are involved with the prenatal
care for these babies. Do you have any suggestions for us about
how to approach this kind of care delivery aspect?
Dr Goff. These data provide further evidence of the importance
of timing of elective delivery at 39 weeks. Even in infants without
CHD, The American College of Obstetricians and Gynecologists
has made a concerted effort to push delivery toward 39 weeks.
In conjunction with the data from both Costello and Cnota, we
have increasing evidence in our population of children with
CHD that timing of delivery is incredibly important and impacts
outcome. For thosewho have institutions where there is a multidis-
ciplinary approach, an organized plan for timing delivery can be
determined for a woman, for example, carrying a baby with hypo-
plastic left heart syndrome. If there are no maternal or fetal issues,
a multidisciplinary meeting (fetal cardiologists, maternal fetal
medicine specialists, and cardiac surgeons) could take place after
34 weeks to organize timing of delivery at 39 to 40 weeks. Of
course, this plan for elective delivery is dependent on continued as-
sessment for new maternal or fetal health issues.
Dr Pigula. One observation is that sometimes these families
come from a distance away and these deliveries are scheduled
on a fairly elective basis. However, schedules and travel are built
around them. I think that is one of the logistical items that we
are going to have to learn to be flexible with, not only us but
also the obstetricians.542 The Journal of Thoracic and Cardiovascular SurgDr Shunji Sano (Okayama, Japan). Is there any difference in
ND outcome between the infant with hypoplastic left heart syn-
drome and the other groups? Infants with hypoplastic left heart
syndrome have much less blood flow to the brain during fetal
life. Is there any difference?
Dr Goff. When we looked at the whole cohort, we adjusted for
the type of CHD in the analyses. We specifically removed com-
plexity of disease from the picture.
Dr Gaynor. I think I can make a comment. One of the things to
obviously look at is: Is there an interaction of GAwith cardiac di-
agnosis or other factors? Given the sample size, we did not look for
interaction terms. We did adjust for diagnosis. You could say that,
maybe the more severe defects will have more in utero pertuba-
tions, there is going to be an even magnified effect of younger
GA. There may be an interaction between certain types of CHD
or other factors with GA.We have not looked at that in this sample,
but I think it is an area for future research.
Dr Sano. Also, you just analyzed after 36 weeks’ gestation.
Was there any patient with less than 36 weeks’ gestation?
Dr Goff. In the total cohort, there were 27 patients out of the
378 patients.
Dr Sano. Many papers said that infants born at less than 32 or
34 weeks of GA are likely to have a brain hemorrhage after bypass
or some other complication. I wonder whether any other problem,
including ND outcome or this abnormality, is prevalent at even less
than 34 to 36 weeks of gestation.
Dr Goff. I think we know that premature birth is certainly
a risk factor for ND problems. We also know that a significant
amount of brain growth occurs during the third trimester. This
is important because Dr Dan Licht from our institution published
data showing that the brain maturation of a baby with CHD born
at 38 to 39 weeks is delayed around 4 weeks. If a baby with CHD
is born at 36 weeks, then that baby’s brain is similar to a baby
born at 32 weeks. As a result, this baby has an increased risk
for white matter injury which has been associated with later
ND problems.ery c March 2012
